Abstract--Response of male gypsy moths from a sparse infestation in Italy to an observer apparently contaminated with disparlure at least two years previously is reported. Other examples of pheromone contamination of people or things are also recorded.
For a number of years, many workers in North America who have used or tested disparlure (cis-7,8-epoxy-2-methyloctadecane) , the synthetic pheromone of the gypsy moth (Lymantria dispar (L.) (Lepidoptera: Lymantriidae)) (Bierl et al., 1970) , have observed that they, themselves, were often attractive to male moths. Most have assumed that disparlure had accidentally contaminated their clothing or perhaps bodies during routine handling. I report here a case of apparent persistence of bodily contamination for at least two years.
From 1971 through 1977, I have used racemic disparlure [never the (+) enantiomer] either as a bait in traps or in a variety of formulations for broadcast application in attempts to reduce mating success ("confusion" or "disruption" tests) in gypsy moth populations (see, for example, . In 1973, a microencapsulated formulation of the olefin precursor (2-methyl-cis-7-octadecene) was also tested (Cameron et al., 1975 (Richerson et al., 1976) . Two more males appeared within the next 3 min, and another 2 males by the end of 30 min. At no time did any of the moths exhibit any apparent interest in other members of my family or other "vertical silhouettes" in the area.
All of the clothing, including footwear, that I was wearing was new within the previous year or less and could not have been exposed directly to disparlure. No other potential attractant, such as a commercial cosmetic or lotion, would appear to be involved, although no rigorous testing of such alternatives was conducted. Therefore, the circumstantial evidence is very strong that my body is contaminated with the pheromone and that the pheromone is extremely persistent. It would seem likely, also, that the quantities of lure required to exceed the behavioral threshold of a male moth ready to respond are exceedingly low--probably far lower than we have previously considered.
A search of the area surrounding the picnic ground revealed no obvious evidence of insect defoliation, no female gypsy moths and no egg masses, old or new. The predominant tree species was a Populus sp., possibly deltoides. At the time of these observations, the temperature was ca. 27-29 ~ C, the sky was clear, and there was a light breeze blowing.
In light of this experience, other casual observations I have made in previous years assume increased significance.
I. Frequently during the evening hours in the summer of 1978 male gypsy moths would fly agains t the screened window of my home study in State College, Pennsylvania, if I was working at my desk with the window open. I assumed at the time, perhaps incorrectly, that they were responding to some contaminated object which provided a source of attraction in the room, even though I was never able to identify any likely source. Attraction to room lights is also a possibility which cannot be ruled out completely, although it is suspected not to be the major attractant in this case. Quite possibly I was the attractive source, one year after my last known direct contact with disparlure. The most likely source of the moths was a woodland ca. 200-300 m from the house; any population which may have existed was certainly sparse.
2. During late summer, 1976, about 4-5 weeks after I had been involved in an aerial application of microencapsulated disparlure in a 47-hectare plot, I captured perhaps 30-40 male moths within a period of less than an hour as they fluttered about my legs or up my trousers while I attended an outdoor reception in State College. The house was located in a wooded area known to support a sparse population of the gypsy moth. Again, I was the only individual to whom the males responded. 3. In 1974, my young son assisted as part of the ground crew loading several formulations of disparlure for aerial application. Six to 7 weeks later, we were in Clearfield County, Pennsylvania, a county from which only very few individual gypsy moths had been reported up to that time, as it was perhaps 100 km west of the then known "general infestation" area in the state. Within minutes after we got out of our vehicle, a male moth was responding to my son's tennis shoes--the same shoes he had worn during ground-crew operations, but shoes that had been washed with detergent in a washing machine at least several times in the intervening weeks.
Similar personal or object contamination has been reported in the popular press for a scientist involved with studies of the pheromone of the Douglas-fir tussock moth (Orgyia pseudotsugata (McD.) (Lepidoptera: Lymantriidae)) (Anon., 1976) . Ritter and Persoons (1976) noted the extreme potency and (until that time) activity for a least 2 years of subnanogram amounts of periplanone A and B, the sex pheromones of the American cockroach, Periplaneta americana (L.) (Orthoptera: Blattidae). Pink bollworm (Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae)) female moths are reported to use their pheromone for scent marking (Colwell et al., 1978) , although the implication in the paper is that this is a relatively transient phenomenon. Following removal of baited traps from the field during tests of the pheromone for the pea moth, Cydia nigricana F.
(Lepidoptera: Olethreutidae), Wall et al. (1980) noted that insects responded to vegetation in an area within ca. 0.3 m downwind of where the trap had been located, or to other spots to which vegetation from the area downwind of the trap had been removed. The pheromone was adsorbed onto the vegetation, as determined by EAG and GC-MS evidence, which then remained attractive for at least 55 min until observations were terminated.
There is, therefore, at least scattered recognition of the possibility of stability and biological activity of insect pheromones under conditions other than normal insect use patterns. Indeed, it is at least some degree of demonstrated stability which underlies the applied use of synthetic pheromones. But there have also been unqualified statements such as those of Wood (1977) that insect behavior regulators (pheromones) "... are active in extremely small quantities, and are biodegradable," and Browne et al. (1979) that "Pheromones, like other natural product vapors in the environment, should eventually degrade," but in the same paper they note that frontalin and exo-brevicomin appear quite stable in the presence of air and sunlight over a period of at least 3 weeks.
Occurrences of long-term synthetic pheromone stability, and contamination of persons as well as things, must raise a certain amount of caution among researchers and others using these materials. For example, is there any carryover effect in a field plot, treated with a pheromone application one year, into tests in subsequent years (or particularly generations for multivoltine insects) conducted in the same plot? Charmillot (1980) has demonstrated reduction of codling moth [Laspeyresia pomonella (L.) ] (Lepidoptera: Tortricidae) populations from 120.2 diapausing larvae per tree to 0.76, and fruit attack from >60% to 0.29%, in a small plot treated with codlemone (E-8,E-10-dodecadien-l-ol) evaporated from dispensers--but otherwise untreated to control codling moth--for three successive years. Long-term pheromone persistence in the field has not been demonstrated, but cannot be absolutely ruled out. Do observers who may be contaminated with a pheromone have any direct or indirect effect on observed behavior of insects, either in laboratory tests or in field trials? Are the standard "scrubbings" of wind tunnels or other special laboratory facilities, in which behavioral observations are increasingly made, inadequate to destroy all residual traces of pheromone that may have been introduced in previous tests?
If the answer to any of these or similar questions is "yes," researchers must recognize and evaluate, if possible, this additional confounding factor in their experimental designs. Perry et al. (1980) have suggested the use of modified Latin squares, to allow for the independent estimation of residual effects of previous treatments in field tests, as one possible way of overcoming this problem. If persistence in the human body does, indeed, occur, it could mean that one who has been exposed to quantities of a pheromone, such as during laboratory synthesis of neat material or in field trials especially involving broadcast applications, should seriously consider abandoning critical behavioral research with the same insects or others that use one or more of the pheromone components to which there has been such exposure. At a minimum, scientists should "bioassay" themselves from time to time.
